It is well known that dietary secondary amides are readily nitrosatable intragastrically owing to the presence of acidic gastric juice and salivary nitrite ion; 1,2 also, many Nnitrosamides are direct-acting mutagens which show carcinogenicity to various laboratry animals. 3 Therefore, in addition to the roles of Helicobacter pylori infection, 4,5 Nnitrosamides formed in the stomach have been postulated to be potent etiological agents for gastric cancer in humans. 1, 2, 4, 5 N-Nitroso-N-methylurea (NMU) is a strong carcinogenic Nnitrosamide; the formation of NMU in stomach has been noted because the dietary intake 6 and endogenous formation 7,8 of a precursor N-methylurea (MU) were suggested. Therefore, because the effects of foods on the N-nitrosation of MU under gastric conditions should be clarified, a suitable assay system is necessary. For the determination of N-nitrosamides including NMU, conventional photometric 9,10 and fluorometric 11 methods as well as various chromatographic methods [12] [13] [14] [15] have been reported. In this paper, a sensitive and selective fluorometric method for the determination of NMU is described. The method is based on the N-methylation reaction of nicotinamide with NMU under a weak alkaline condition to form N 1 -methylnicotinamide (NMN) and a subsequent condensation reaction with acetophenone under an alkaline condition, followed by an acid treatment to give a fluorescent 2,7-naphthyridine derivative (Fig. 1) . [16] [17] [18] The method was applied to a preliminaly study on the effect of foods on the N-nitrosation of MU under the conditions simulated to those of the stomach. 19 Fresh orange juice and milk were tested as model foods because they are reported to be protective factors concerning gastric cancer in humans.
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Experimental
Apparatus
A Shimadzu RF-510 spectrofluorometer (Shimadzu, Kyoto, Japan) was used with a 0.4 × 1 cm quartz cell at room temperature. The spectral bandwidths were 5 nm (excitation) and 10 nm (emission). All fluorescence excitation and emission spectra were uncorrected.
Chemicals
Nicotinamide, N-nitroso-N-methylurethane, 1-iodobutane, 1,2-epoxyoctane (Tokyo Kasei, Tokyo, Japan), 2-methoxyethanol, acetophenone, acetonitrile, ethanol, dichloromethane, heptane, potassium hydroxide, sodium nitrite, potassium thiocyanate, sodium azide (Kanto Chemical, Tokyo, Japan), NMU, N-nitroso-N-ethylurea, N-nitroso-N-butylurea, Nmethyl-N′-nitro-N-nitrosoguanidine and formic acid (98 -100%; Nacalai Tesque, Kyoto, Japan) were used as received. All chemicals used were of analytical reagent grade, unless stated otherwise. Extrelut 20 was obtained from E. Merck (Darmstadt, Germany). Water was purified on a Milli RO-Milli Q system (Millipore, Bedford, MA, USA).
Nicotinamide reagent.
Nicotinamide was dissolved in 95% (v/v) aqueous 2-methoxyethanol containing 0.5 mM potassium hydroxide to give a 25% (w/v) solution. Acetophenone reagent.
Acetophenone was dissolved in ethanol to give a 20% (v/v) solution.
Potassium hydroxide reagent.
Potassium hydroxide was dissolved in water to give a 2 M solution.
Standard solutions.
Stock standard solutions of NMU and related N-nitrosamides and of 1,2-epoxyoctane and 1-iodobutane were prepared at 10 mM concentrations in acetonitrile; more dilute solutions were prepared by appropriate dilution with the same solvent. Many of these compounds are potent animal carcinogens and should be handled with extreme care.
Recommended procedure for the fluorometric determination of NMU
To 200 µl of a sample solution in a 1.5-ml test tube with a glass stopper was added 100 µl of 25% nicotinamide reagent and allowed to stand for 30 min at room temperature. To the reaction mixture was added 100 µl each of 20% acetophenone reagent and 2 M potassium hydroxide solution under cooling in an ice-water bath. After standing for 10 min in an ice-water bath, 500 µl of formic acid was added, and then the mixture was heated in a boiling water bath for 3 min. After cooling to room temperature, the fluorescence intensity was measured with excitation at 378 nm and emission at 432 nm.
Measurement of NMU formed from MU in mixtures simulating those found in the stomach
To a 2-ml of orange juice (prepared by squeezing an orange) or milk (purchased from a market) in a 25-ml brown colored test tube with a glass stopper were added 100 µl of 0.35% (w/v) potassium thiocyanate, 100 µl of 0.075% (w/v) sodium nitrite and 50 µl of 0.1% (w/v) MU. The pH of the mixture was adjusted to 3.0 with 1 M hydrochloric acid. The mixture was made up to 5 ml with water and then incubated at 37˚C for 30 or 60 min. After the reaction was stopped by adding 2 ml of 50 mM sodium azide (previously adjusted to pH 3.5 with 1 M hydrochloric acid), the mixture was diluted with 15 ml of 0.2 M phosphate buffer (pH 5.5) and 3 ml of water. It was then treated with an Extrelut 20 column according to a method of Yamamoto et al. 13 with slight modifications, 11 as follows: a 20-ml volume of the mixture was applied to the column, then extracted with 70 ml of dichloromethane. The extract was mixed with 5 ml of heptane and concentrated to about 1 ml. The concentrate was made up to about 5 ml with heptane and back-extracted with 1 ml of acetonitrile. A 200-µl aliquot of the acetonitrile layer was examined directly by the fluorometric method. Control experiments were carried out by the same manner, except that the beverage samples were replaced by water. For recovery tests, MU was replaced by 50 µl of a 500 µM NMU solution (corresponding to 25 nmol of NMU) and incubation was omitted.
Results and Discussion
Optimization of the fluorogenic reaction
The solvent for NMU was initially examined. Acetonitrile was selected because it gave the highest fluorescence intensity compared to other solvents, such as water, methanol, ethanol, 1-propanol, 2-propanol and 2-methoxyethanol, which gave only about 37 -45% intensities of acetonitrile. Acetonitrile was also suitable as a solvent in cleaning up the NMU formed from MU under simulated gastric conditions, because it permitted the back-extraction of NMU from a heptane layer and, consequently, the NMU could be directly submitted to a fluorometric determination.
The effect of the nicotinamide concentration on the fluorescence intensity of NMU was studied using varying concentrations of nicotinamide solution in 95% 2-methoxyethanol containing 0.5 mM potassium hydroxide. As shown in Fig. 2 , the fluorescence intensity increased along with an increasing the nicotinamide concentration up to 25% (nearly saturated concentration). Thus, a 25% solution was used. The use of 2-methoxyethanol gave the highest solubility for nicotinamide and the highest fluorescence intensity for NMU, compared to other solvents, such as methanol, ethanol and acetonitrile.
The N-methylation of nicotinamide with NMU hardly proceeded in a neutral medium, 16 but NMU reacted with nicotinamide under weak alkaline conditions. This is quite reasonable because the methylation ability of NMU is based on the formation of diazomethane, which is produced by its alkaline degradation, as reported previously. 11, 13 In the reaction of nicotinamide with NMU, the addition of dilute potassium hydroxide solution was effective. Thus, the effect of the potassium hydroxide concentration in a 25% nicotinamide solution was studied. As shown in Fig. 2 , an almost constant fluorescence intensity was obtained over the concentration range from 0.3 to 0.5 mM. Therefore, the use of 0.5 mM potassium hydroxide was recommended.
The effects of the reaction temperature and time were studied over the temperature range 0˚C to 50˚C. As shown in Fig. 3 , the reaction of NMU occurred even at 0˚C, and the reaction was accelerated by heating at 50˚C. However, a reaction at room temperature for 30 min was selected owing to the facility to perform.
Subsequent reaction conditions for the N-methylated product (NMN) with acetophenone and formic acid to form a fluorophore were essentially the same as those reported in the determination of epoxides, 16 except that, so as to reduce the total volume of the reaction mixture, the concentrations of the acetophenone and formic acid reagents were slightly modified.
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Fluorescence intensities of NMU and related compounds
The fluorescence characteristics and the intensities of Nnitrosamides obtained by the recommended procedure are summarized in Table 1 .
Except for N-nitroso-Nmethylurethane, which gave no fluorescence, all N-nitrosamides had similar spectra and excitation and emission maxima. The selectivity of the method for N-nitrosoureas is considerably improved compared to the fluorometric method using sodium sulfide, o-phthalaldehyde (OPA) and taurine. 11 In the latter method, the relative fluorescence intensities of N-methyl-N′-nitro-N-nitrosoguanidine and N-nitroso-N-methylurethane are 28% and 3.5% of NMU, respectively. Some other alkylating agents, such as 1-iodobutane and 1,2-epoxyoctane, gave no fluorescence.
Calibration curve for NMU
The calibration curve for NMU showed a straight line passing through the origin in the concentration range 0.05 -2.0 nmol/200 µl. The relative standard deviation (n = 10) was 3.2% at 0.1 nmol/200 µl and 3.3% at 1.0 nmol/200 µl.
The present method is much more sensitive than conventional spectrophotometric methods using the Griess reagent 9 and 4-(pnitrobenzyl)pyridine. 10 The sensitivity of our method is slightly inferior to the fluorometric method using sodium sulfide, OPA and taurine, by which 0.03 nmol of NMU in 200 µl acetonitrile can be determined. 11 However, the present method has excellent features regarding the fluorophore stability and selectivity for N-nitrosoureas.
Highly sensitive chromatographic methods have been reported for the determination of N-nitrosoureas. For example, gas chromatography with a thermal energy analyzer 20 and highperformance liquid chromatography (HPLC) with fluorescence detection 15 are capable of detecting 1 pmol and 5 fmol of NMU, respectively. The fluorescence reaction reported here is also probably applicable as a precolumn fluorescence derivatization of N-nitrosoureas for their sensitive detection.
Measurement of NMU formed from MU in mixtures simulating those found in the stomach
The proposed method was applied to the determination of NMU formed from MU under simulated gastric conditions. 19 Fresh orange juice and milk were tested as model foods because they were epidemiologically known to be low-risk foods for gastric cancer. 1 Water was also tested as a control. For a recovery test, the simulated gastric juice containing water, orange juice or milk was spiked with 25 nmol of NMU instead of MU and the incubation was omitted. As shown in Table 2 , the recoveries of NMU were 69.8 -86.5%. The standard deviations were also satisfactory.
When MU (50 µg in the incubation mixtures; 10 ppm) was incubated under the simulated gastric conditions in the presence of orange juice and milk, the amounts of NMU formed from MU decreased to below about 25% of the control experiment (Fig. 4) . These results seem to be consistent with the facts that ascorbic acid, tocopherols and polyphenols, which are contained in orange juice and/or milk, inhibit nitrosation of amino compounds 1 and that fresh juices and milk effectively decompose NMU. 10 The method is useful to evaluate the effect of individual foods on the nitrosation of MU under simulated 377 ANALYTICAL SCIENCES MARCH 2001, VOL. 17 gastric conditions.
